ABSTRACT
INTRODUCTION
In this work it is assumed that the brain tissue media is chiral. This chiral effect is due to a microscopic mechanism where the typical cell membrane is a fairly fluid bilipid layer with a few big protein molecules embedded in it. Every protein molecule is polar and will tend to align itself with an electric field and often helical rotate it in its socket, so any volume of brain tissue must have a few cells bearing protein molecules that happen to resonate at its rotation frequency. In the Appendix it presents the basis of the model that it usage for to characterize the microwave absorption waves by the brain tissue when is radiated by the cellular phones.
In relation to helical molecules, a single electrodynamic model is assumed, which allows us to find the averaged electric current knowing the polarization and magnetization [1] . For typical double helices, giving the moment of inertia per unit length, appears a torsional factor. For a given length of a typical chain, we can find that for proteins with a rotation of 90°, corresponds to 1 ev/A°, torsion constant of 0.4 ev/A°, moment of inertia = 100 auA° and the length is 475A°. Here we find that the frequency falls in the interval between 1 GHz and 10 GHz. These frequencies are typical for microwave radiation. In our electrodynamic approach, the connection between these mechanical parameters with the chirality and dielectric properties of the brain tissue considered as a bioplasma is made. In this paper, it consider the Born-Fedorov constitutive equations
where ε, µ and β are the permittivity, permeabilitty and chiral pseudoscalar respectively. Here, the rotor of polarization plane can be predicted from Maxwell equations, considering that the P (M) vector has a proportional additional term to ∇×E (∇×H) [1] , [4] .
In linear, isotropic, non-dispersive and chiral materials we can relate D and B. If it is assumed that the medium is isotropic, non-permeable and non dispersive, the Cartesian field components are [2] , [7] . In the above system of differential equations we see that the vectorial components of the electric flux are related with the respective electric field components and furthermore are proportional to the partial derivative of their orthogonal components.
The main difficulty for an analytic treatment of this system is in the partial derivatives of space and time in which the chiral parameter is present. For this reason, equations (4) and (5) can't be reduced to a typical differential equation with known solution.
DISCRETIZATION BY FDTD
The FDTD method (Finite Difference Time Domain) initially proposed by Yee is commonly used in the resolution of Maxwell equations. It has the advantages that it is not necessary to derive the wave equation of the system in order to solve the field vectors and it operates in the time domain which allows analysis of transient phenomenon. Through the FDTD method, the dicretization of above equations is performed. Before that, it's important to consider the partial derivative approximations made by Mur for achiral-chiral interface case [3] , [5] . 
 ∆ =∆+   
Here, it is assumed that a grid point in space is defined as (i, j, k) with coordinates (i∆x, j ∆y, k ∆z) where ∆x=∆y=∆z=∆ is the cubic cell size and ∆t is the time increment.
An important problem encountered in solving the time domain electromagnetic-field equation, by FDTD method is the absorbing boundary conditions. In our formulation, the second order approximation of Mur is used for the near-field irradiation problems. The external absorbing are placed at a distance of 4-7∆ on all sides of the human head model. In our near-field simulation we have 64,000 cubic cells of 5 mm side each. The radiation source of the cellular phone was modeled by an equivalent dipole antenna. After having obtained the induced chiral electric field by the FDTD method, the local specific absorption rate SAR, is calculated as [5] : 
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In these equations, the electric (magnetic) fields depend not only on E (resp. H) but also on the transverse components. In effect, there is coupling between the eq. . In this way, a new difficulty appears: the impossibility of knowing both variables at the same time. This is solved delaying one of the fields when it incides in the achiralchiral interface, then the fields at the steps n and n -1 are stored for the evaluation of the respective (n + 1) field [6] .
NUMERICAL RESULTS
Using the linear FDTD algorithm with chirality, obtained from equations (7) and (8), some simulations for the microwave spectrum are made. These simulations start with a y-polarized Gaussian pulse, generated in the free space and propagating in the x direction to the achiral-chiral interface [7] , [8] . The Figs. 1 and 2 show, after 150 time steps, the polarized pulse in y direction and its rotation to the z transversal axis, that is to say, there is a component E z in the chiral media, which is a brain tissue model. These results are a consequence of curl equations (2) and (3). In the Fig. 1 the transversal angle, formed between E y and E z is 8.24º, and the module is E max = 0.472 [V/m]. Besides, the pulse looses part of its initial energy due to the reflexion in the interface, because of the high medium permittivity. The Fig. 2 shows the electric field module, 0.4521 [V/m] and the transversal angle is 12.7º, which signify that there is higher rotation of vectors E and H. It´s observed a reduction of the resultant pulse amplitude in comparison with the simulation 1; it is due to the dielectric permittivity, but the chiral effect is more strong.
Simulation 3:
The human head model was constructed with 64,000 cubic cells. The total numbers of layers used in this model was 50. The 35 th layer counted from the bottom of the head , with each cell size of 0.5 cm is shown in Fig. 3 . Both the dielectric constant and the conductivity of the brain were obtained from literature [5] , [6] . The calculations were made with an initial sinusoidal time varying electric field. The chiral factor was β = -0.00015. we can see the simulated electric field in the brain layer for different values of the chiral factor. Here the Electric field is enhanced by the factor β . In Figs. 7 and 8 we plot the SAR simulation for a chirohead model Here the absorption of microwave radiation increases when the chiral factor CF= β increases. In the last figure that value 0db corresponds to the input power. 4 shows the SAR distributions taking into account only the chiral effect. These results can be added to the typical results obtained by other authors [5] , [6] . This represents about 20% of the antenna input power which is absorbed in the head. 
CONCLUSIONS
The Born-Fedorov formalism was used to model the temporal electric and magnetic fields, where the chiral parameter β represents the module and rotation of the fields inside the medium.
In this paper propagation of Gaussian pulses in the chiral materials was modeled. The FDTD method for the numerical calculation was used. Results show the chirality effect on TEM input pulse. In the microwave range, the rotation of the electromagnetic field, that is the chirality factor of the brain layer that enhance the SAR factor and the electric field in the brain layer considered as a chiral media, are shown. 
